Elevated plasma total homocysteine (tHcy) is an independent risk factor for cardiovascular disease (CVD). Also known is that plasma folate and vitamin B12 influence homocysteine metabolism as cosubstrate and cofactor, respectively. This population-based study was conducted to evaluate the plasma concentrations of tHcy, folate, and vitamin B12 in 54 older patients aged ≥51 years (40 males; 14 females) of Nice hospital cardiology service. After excluding cases with a serum creatinine >120 mmol/L, we established the test properties of a plasma tHcy concentration <15 µmol/L (Group 1) or ≥15 µmol/L (Group 2). In the population aged ≥51 years, plasma tHcy was higher in women (18.0 µmol/L) than in men (15.5 µmol/L; not significant), conversely, serum vitamin B12 was higher in men (376.9 pg/ml) than in women (340.7 pg/ml; not significant). Average plasma tHcy was 11.5 µmol/L in Group 1 and 21.6 µmol/L in Group 2. Vice versa, serum vitamin B12 was higher in Group 1 (419.5 pg/ml) than in Group 2 (307.2 pg/ml) (p <0.05). Correlation analysis (Pearson's r) in the total study population (20-84 years) indicated an inverse correlation between serum folate and age (r = -0.231, p <0.05). In the subjects, aged ≥51 years, there was a significant negative correlation between age and tHcy levels (r = -0.283, p <0.05) and serum vitamin B12 concentrations (r = -0.326, p <0.01) but not with serum folate. However, in subjects with tHcy <15 µmol/L, a significant inverse correlation existed between plasma tHcy and serum folate (r = -0.455; p <0.05).
Introduction
Aging is associated with alteration of both vascular structure and function, and with an increased exposure time to cardiovascular risk factors. The geriatric population is increasing worldwide at a rate of 2.8% /year (1) . Cardiovascular and cerebrovascular problems, with high morbidity and mortality, are more frequently seen in geriatric populations. Among emerging risk factors for cardiovascular disease (CVD), homocysteine has been postulated as one of the more appealing. Homocysteine is a sulphur containing amino acid formed during the metabolism of methionine, an essential amino acid derived from dietary protein.
Homocysteine is metabolised with folate as co-substrate and vitamin B12 as a co-factor and low levels of these vitamins causes hyperhomocysteinemia (HHcy) (2) .
Plasma concentrations of total homocysteine (tHcy) are influenced by several factors including age and gender, nutritional factors (vitamin B6, vitamin B12, folic acid, coffee consumption and alcohol intake), genetic determinants (polymorphisms in genes directly or indirectly associated with methionine metabolism) and inflammation. Increased tHcy concentration may be correlated with low plasma levels of vitamin B6, vitamin B12 or folic acid (3) . Consequently, the status of these nutrients may be associated with CVD risks.
In 1969, Kilmer McCully linked elevated plasma tHcy concentrations with vascular disease for the first time (4) . He noted a high prevalence of early arteriosclerotic and thromboembolic disease in patients with congenital homocystinuria, a rare genetic disorder associated with greatly elevated blood concentrations of tHcy (5) .
Epidemiological studies indicate that hyperhomocysteinemia is a risk factor for atherothrombotic disease, though the molecular mechanism is not clear (2) . A study found an association between low serum folate and CVD mortality (6). Wald et al. (7) have found that in patients with CVD a dosage of 0.8 mg/d appears to be necessary for maximal lowering of tHcy. However, very recent evidence from patients with heart disease indicates that optimal tHcy lowering may be achievable at much lower folic acid doses (8) .
Serum creatinine, a marker with low sensitivity for early decline in renal function, is a strong determinant of plasma tHcy concentration (9, 10, 11) . Almost every study has shown a highly significant positive correlation between the concentrations of creatinine and tHcy. In renal disease, both the creatinine and tHcy concentrations increase, and in end-stage renal disease, plasma tHcy concentrations may become 3-5 times higher than normal (9, 12, 13) .
Thus, much of the epidemiologic association found in prospective and retrospective studies and in crosssectional studies between modestly elevated plasma tHcy concentrations and cardiovascular risk or severity of atherosclerosis is explained by the renal mechanism (14) . However, several studies have shown that folic acid supplementation is effective in lowering blood tHcy levels and may thus also ameliorate the vascular situation in patients with atherosclerotic or coronary disease (15) . Recent evidence suggests that this association may be causal (16) , although up-todate contradictory data are available on this issue (17) .
The aim of this study was to determine, whether levels of tHcy and vitamin B12 and folate were correlated with the presence of CVD, with clinical evidence of angian or myocardial infraction and to exclude renal deficiency, which is a known cause of HHcy.
Subjects and Methods

Subjects
This research was carried out as a prospective study on 84 patients (65 men and 15 women), hospitalized in the Cardiology Department in CHU Pasteur of Nice, France. The patients suffered from coronary heart disease, with clinical evidence of angian or myocardial infraction. All subjects resided in Nice or the surrounding areas. From these participants, a subgroup of 54 subjects (40 males; 14 females) was selected, excluding those aged under 51 years. We did not include epileptic patients, since their treatment possibly has antifolate activity; patients treated with vitamins of B group (e.g., folic acid, vitamin B12 and vitamin B6), or those taking fibrate treatment, which can increase tHcy concentrations (18, 19) , were excluded, as where patients who presented with creatinine concentrations >120 µmol/L, to exclude renal deficiency, which is a known cause of HHcy. The patients divided into: Group 1 (G1) (tHcy <15 µmol/L) and Group 2 (G2) (tHcy ≥15 µmol/L).
Biochemical analysis
Blood samples were collected from patients after fasting but on normal diet. To evaluate plasma tHcy concentrations, EDTA samples were immediately put on ice and centrifuged within 1h. Plasma was kept at -20°C and analysed in the following week. tHcy concentration was measured using an enzyme-based immunometric test after chemical reduction of homocystine (Abbott, Rungis, France). Folic acid and vitamin B12 levels were measured in serum, for which blood was clotted at room temperature and centrifuged within 2 h. The serum was kept at -20°C and analysed within 1 week by a microbiological method using Lactobacillus casei and Lactobacillus leishmannii, respectively. Creatinine concentrations were measured in heparinized plasma in the 2h following sampling by the colorimetric Jaffe method (Boehringer-Roche 917 analyser, Grenoble, France).
Statistical analysis
Concentrations of vitamins and tHcy were characterized by means and standard errors. Comparisons of mean differences were calculated by student's t-test and correlations between biochemical data were determined using Spearman rank correlation coefficients (statistical Software for Windows Version 5.1).
Results
17 patients who presented with severe renal deficiency with creatinine concentrations >120 µmol/L, with a mean 159 ± 30 µmol/L, which is a known cause of HHcy, are excluded in this study. Table 1 describes gender-specific plasma tHcy, serum folate and vitamin B12 concentrations. At blood sampling, men were only slightly older than women and had somewhat lower tHcy (not significant = n.s.) and folate (p <0.05) and higher vitamin B12 and creatinine concentrations (both n.s.) (Table 1) . A substantial proportion of subjects (24%) had tHcy levels ≥20 µmol/L and 3.7% of them had tHcy ≥30 µmol/L.
The study population was divided in 2 groups according to tHcy concentrations < or ≥15 µmol/L. The two groups differed in the proportion of male subjects, age, vitamins and creatinine levels (all p values ≤0.05, Table 2 ). The distribution of tHcy concentrations in groups of patients was similar: 53.7% for Group 1 (G1) had low (<15 µmol/L) tHcy concentrations, and 46.3% had elevated levels (≥15 µmol/L) for Group 2 (G2) ( Table 2) . tHcy levels were higher in Group 2 (21.55 ± 5.04 µmol/L) as compared with Group 1 (11.51 ± 2.18 µmol/L) patients (p <0.01). Vitamin B12 levels were higher (419.5 ± 220.6 pg/ml) in Group 1 vs. 307.2 ± 114.4 pg/ml in Group 2 (p <0.05) ( Table 2 ).
The percentage of subjects with folate and vitamin B12 levels <3.7 nmol/L and 150 pmol/L in two groups (G1 and G2) were respectively 27.6% vs 44% and 6.9% vs 8.0%. Correlation coefficient in the total study population (20-84 years) indicated an inverse association between serum folate and age in both sexes (r = -0.231, p <0.05).
In subjects, aged ≥ 51 years, there was a significant negative correlation between age and tHcy levels (r = -0.283, p <0.05) and serum vitamin B12 concentrations (r = -0.326, p <0.01) but not with serum folate. In subjects, aged ≥51 years with tHcy <15 µmol/L, the variation in tHcy levels was explained only by folate (r = -0.455; p <0.05). Folate and vitamin B12 were not correlated with tHcy level in subjects aged ≥51 with tHcy ≥15 µmol/L.
Discussion
Several epidemiological studies have shown a correlation between tHcy levels and the presence of CVD and homocysteine has therefore been considered an independent risk factor for CVD. We investigated the relationship between tHcy and the CVD hospitalizations. The results showed that tHcy is a predictor of CVD morbidity in elderly individuals.
Several population-based studies have demonstrated that homocysteine levels are influenced by age and gender (20, 21, 22) , suggesting that the gender difference could be due to larger muscle mass in men, since the formation of muscles is associated with the simultaneous formation of homocysteine in connection with creatine/creatinine synthesis (10). Furthermore, it has been demonstrated that estrogen-induced an increased turnover of folate, thus determining the increase of tHcy levels (23) . Part of the relationship between tHcy and age in women might be explained by menopause, since tHcy concentration was found to be higher in post-menopausal compared with premenopausal women (24, 25, 26) . A significant difference was found between men and women in terms of tHcy, our results provide further support that this difference is associated with the sex.
Previous investigations conducted in the developed countries suggested that low vitamin B12 concentrations were common only in elderly adults (27) . Because the ability to absorb food-bound dietary vita- min B12 is significantly reduced after 50 years, those investigations were predominantly conducted in the populations older than 60 years (28) . It is also known that about 30% of elderly people have an atrophic gastritis which may lower the absorption of vitamin B12 and lead to a suboptimal status of this vitamin over time (29) and age-related renal impairment (30) . tHcy concentrations increased significantly with aging, and hyperhomocysteinemia prevalence has been reported to be higher in the elderly than in other groups (31) . The reasons for the higher tHcy concentrations at older age are not well understood, although changes in renal function and impaired renal metabolism of homocysteine are certainly involved (32) . Declining folate concentrations may result from inflammation and lymphocyte proliferation and could be responsible for the enhanced formation of tHcy (33) . Consequently, the relatively strong association between homocysteine and neopterin concentrations and kynurenine/tryptophan (kyn/trp) implies that immune activation is related to the development of moderate hyperhomocysteinemia in the elderly (34) . In accordance, the mean plasma tHcy concentration was elevated in the heart failure group when compared to age-and sex-matched controls (35) .
Moderate, intermediate and severe hyperhomocysteinemia are defined as plasma tHcy concentrations in the range 16-30, 31-100, and >100 µmol/L respectively (36) . They are usually attributable to folate and/or cobalamin deficiencies (37) , and also genetically determined (38) .
A growing body of evidence from epidemiological studies suggested that even individuals with moderate levels of tHcy (fasting tHcy >15 µmol/L) have an increased risk of CVD (39) . We also found that more than one third of the patients had clinical hyperhomocysteinemia, defined as plasma tHcy >12 µM (40) . Depending on the laboratory, the definition of elevated tHcy concentrations may differ, but generally a level above >15 µM (41) is considered elevated.
The tHcy blood concentration increases with age and reaches levels of 10-15 µmol/L in healthy adults of middle age. Elderly persons show tHcy concentrations of about 10-25 µmol/L (29). In our patients, 53.7% had a lower tHcy concentration (<15µmol/L), these patients thus would not have been noted as vitamin B12 deficient. This is not surprising because the intake level of vitamin B12 is generally higher than the recommended level in developed countries. Vitamin B12 concentration did not correlate significantly with tHcy in this group of patients. A strong inverse association between tHcy and folate was seen. Serum levels of both vitamin B12 and folate can be influenced by recent vitamin intake and the relative vitamin status of each other, whereas red blood cells folate more accurately reflects hepatic stores (42) . The poor correlation between serum vitamin B12 level and tHcy suggests that red cell folate is a better measure of cellular cobalamin deficiency than serum vitamin B12 (43) .
Vitamin B12 and folates deficiency may be responsible for an increase in plasma levels of tHcy. In addition, vitamin B12 and folates deficiency has been proposed as an independent risk factor for vascular disease (44) . In the present study, no abnormality of the vitamin B12 status was observed in patients with tHcy <15 µmol/L compared with those with tHcy ≥15 µmol/L. Folate is the most important modifiable determinant of the tHcy concentration, it seems attractive to this vitamin as a means to reduce the tHcy concentration (45) . The homocysteine levels in our patients were high, for patients with CVD (46.3 and 20% had tHcy concentrations >15 and 20 µmol/L, respectively). It was observed in our subjects ≥51 years, 3.7% of severe hyperhomocysteinemia (>30 µmol/L). These results highlight the relevance of the vitamin status and particularly of folate levels in the modulation of fasting tHcy levels.
Moreover, HHcy predicted cardiovascular (CV) hospitalization in the Hordaland Homocysteine Study (persons aged 65-67 years; with tHcy >15 µmol/L) and both CV death and all-cause mortality among elderly persons (46) . Plasma tHcy was the strongest modifiable determinant of mortality, and the mortality rate amongst individuals with tHcy <9.0 µmol/L was less than 1% per year compared with 6% per year in those with tHcy ≥15 µmol/L (47). Hyperhomocysteinemia appears to be a predictive factor of mortality in congestive heart failure patients (48) , and thus vitamin treatment to reduce Hcy levels (when > 15µmol/L) to near normal can improve the vasodilatory capacity and reduce blood presssure (35) . Mild tHcy elevation (>15 µmol/L) occurs in ≈ 20-30% of patients with atherosclerosis disease (14) . Usually, this is easily normalized with oral folate and ongoing trials are assessing the effect of folate treatment on outcomes.
The CVD risk associated with the common C677T MTHFR polymorphism has been extensively studied. The TT genotype was associated with 3.5 µmol/L higher tHcy and a 26% higher CVD risk than the CC genotype. The unexpected finding was made in the hyperhomocysteinemic subgroup (tHcy >15 µmol/L): TT subjects had a lower prevalence of CVD risk factors than CC subjects (47) . The moderate hyperhomocysteinemia that is dependent on the thermolabile MTHFR mutation is observed for plasma folate concentrations of less than 15.4 nmol/L. Above this concentration, no increase in circulating tHcy is observed (49) .
The correlation between hyperhomocysteinemia and CVD is not completely understood. A lot of stud-ies have demonstrated several potential mechanisms that induced the progression of atherosclerosis and thrombosis, particularly, in elderly subjects. This one is independent of the creatininemia but connected to a deficiency pronounced in folates like with a deficit in B12 vitamin suggesting the interest of a vitamin treatment among these patients. In conclusion, tHcy levels over 15 µmol/L, appear higher in patients referred for CVD, is an argument to consider nutritional intervention. Other studies remain necessary to affirm in the clinical plan the benefit of this treatment among old patients.
